Eighty one, 7 weeks of age weaning New Zealand White (NZW) rabbits were used in this study. Rabbits were randomly distributed into 9 equal groups and housed in separate cages. The 1 st experimental ration (R1) was used as a control, which contained of : 10 % yellow corn + 10 % barley + 13.7 % soybean meal (SBM) + 20 % wheat bran + 40 % clover hay + 3 % molasses + 1 % calcium diphosphate + 1.2 % limestone + 0.5 % sodium chloride + 0.4 % minerals-vitamins mixture + 0.2 % methionine . Equal parts from barley and soybean meal in R1 were substituted by 10 % or 20% distiller dried grains with soluble (DDGS) in ration 2 (R2) and ration 3 (R3), respectively. The supplemented seaweed (SW) for these rations was at tow levels subtracted from the wheat bran. The first level was 0.5 % SW of the total mixed ration for ration 4 (R4), ration 5 (R5) and ration 6 (R6). The second level was 1.0 % SW of the total mixed ration for ration 7 (R7), ration 8 (R8) and ration 9 (R9).
and the slaughter weights were 1902. 22, 1990 22, .56 and 1948 22, .33 g with supplemented 0.0 % , 0.5 % and 1.0 % SW respectively , while the slaughter weights were 1905 22, .56, 19995.0 and 1940 g with feeding on 0.0 %, 10 % and 20 % DDGS rations, respectively. The hot carcass as were the highest (1118.33 g) with supplemented 1.0 % SW rations and (1127.22 g) with feeding on 10 % DDGS rations. Experimental rations had no significant effect on averages of DMI of growing rabbits from 7 to 13 weeks of age. No significant effect was detected due to feeding experimental rations on feed conversion values of growing rabbits from 7 -13 weeks of age.
The economic efficiency (%) results showed that feeding growing rabbits on R3 recorded the highest value (313.3 %), while feeding on R4, R5, R7 and R8 showed the lowest values being 259.2, 251.5, 244.3 and 255.2 %, respectively. Keywords: Performance, DDGS, SW, feed utilization, economic efficiency.
The importance of nutrition has increased significantly as feed cost, pathological conditions associated with energy and nutrient deficiencies and considerations of product quality have become limiting factors to economic output from a unit. The rabbit is unique. It requires a high daily nutrient and energy intake but, because it is an herbivore, it also needs a diet with a high concentration of fiber to ensure optimum performance and, in addition, to minimize the incidence of digestive disorders (Padilha et al., 1999) .
High starch diets are often incompletely digested in the rabbit small intestine due to rapid transit time (McNitt et al., 1996) . Incomplete digestion of starch prior to the large intestine results in the availability of starch for microbial fermentation (Steves and Hume, 1995) . Excess starch in the gut results in an extremely rapid fermentation with possible spilling of energy leading to low Yatp. For example, Oba and Allan (2003) showed that, as the rate of starch digestion increased, the Yatp was reduced from 60g of microbial N/kg starch digested to approximately 30 g microbial N/kg starch digested. The rapid digestion of starch could lead to a much lower microbial cell yield in starch fermentation in the caecum of concentrate-fed as compared to forage-fed rabbits.
Distiller's dried grains with solubles (DDGS) are a valuable feed ingredient which is a co-product of dry mill ethanol production from grains. In ethanol production, the starch is fermented to obtain ethyl alcohol and the remaining components of the grain kernel (endosperm, germ) preserve much of the original nutrients of the grain including energy, protein and phosphorus (Bremer et al., 2005) . Distiller's dried grains with solubles (DDGS) is quite variable in nutritional content and quality among different sources (Widyaratne and Zijlstra, 2007) . Many growingfinishing swine diets contain 10 % DDGS and have resulted in pig performance equal to that achieved when feeding a typical corn-SBM diet with some diet cost saving. At higher levels of DDGS inclusion, average daily gain (ADG) and average daily feed intake (ADFI) responses have been inconsistent. If growing-finishing swine diets can include 20 % DDGS and achieve the same pig performance as corn -SBM diets, the cost savings to pork producer can be even greater than that achieved when using it at the 10 % DDGS inclusion level. Although the DDGS contains a significant amount of crude fiber (8 -10 %), it also contains 10 -12 % fat (Whitney et al., 1999) . Fats as energy carriers and sources of essential unsaturated fatty acids have attracted the attention of nutritionists in recent years. Aga et al. (2000) were used a calcified seaweed (SW) as a buffer in continuous culture of rumen contents. The chemical composition of an ordinary SW as from Ascophyllum nodosum, immediately characterizes the material as of low energy content, according to the analytical data the value of seaweed meal must primarily be sought in its contents of vitamins and minerals, among which βcarotene, tocopherols, some B vitamins, iodine, zinc and potassium are the more important (Scott, 1990) . The rational way of using SW meal in rations would be to let this component to supply the above active substances according to the analytical data and to add the factors to obtain a balanced diet. Sykes, (2009) reported that SW is totally natural multi-mineral supplement. Seaweed contains all minerals and trace elements an animal requires for a normal healthy life.
The objective of this study was to evaluate the effect of partially or totally substituting of barley and partially soybean meal by DDGS with or without SW supplementation on growth performance, feed utilization and economic efficiency of New Zealand White (NZW) growing rabbits.
MATERIALS AND METHODS
The experimental field of the present study was carried out at the Experimental Station of the Poultry Production Department, while, the chemical analyses were run at the Laboratory of the Animal Production Department, Faculty of Agriculture, Mansoura University, Mansoura, Egypt.
Experimental animals, housing and management.
Eighty one, 7 weeks old weaning NZW rabbits were used in this study. Rabbits were randomly distributed into 9 equal groups and housed in separate cages with the following dimensions (50 ×50×45cm) for length, width and height, respectively. Rabbits were fed the experimental diets for 91 days (13 week of age). Feed and water were offered ad libitum throughout the experimental period. The values of live body weight, daily gain, feed intake, feed conversion ratio and economical efficiency were recorded.
Experimental rations and design.
The experimental groups were fed randomly on one of nine formulated pelleted experimental rations. Rations were formulated to meet the nutrient requirements of growing rabbits according to NRC (1977) recommendations as shown in Table 1 . 
Growth performance parameters:
Live body weight of the experimental rabbits was individually recorded at weekly intervals. Average body weight gain (g / rabbit), average live body weight change (%),feed intake and feed conversion ratio(g feed/g gain) were determined weekly.
Carcass evaluation:
At the end of the experimental period, three rabbits from each experimental treatment were chosen at random and slaughtered to study carcass characteristics. Rabbits were fasted for approximately 18 hours before slaughtering, individually weighed and slaughtered by severing the neck with a sharp knife according to Islamic religion. Slaughter data were recorded thereafter. Skinning was carried out by removing the skin including tail and legs. The different organs (liver, heart, kidneys, viscera and lungs) were removed and every organ was immediately weighed to the nearest gram and recorded. The rest of body (carcass) for each rabbit was weighed.
Economical efficiency:
The local price of daily body weight gain and daily feed cost were calculated depending on the prevailing prices being: 
Statistical analysis:
Statistical analysis of data obtained was carried out using the General Linear Model Program (GLM) of SAS (2000) . The obtained data for productive traits of different groups of rabbits were subjected to factorial analysis of variance according to the following model: Y i j k = µ + T i + L j + TL i j + e i j k Where; Y i j k = Observation of the tested factor, µ = Overall mean, Ti = The effect of treatment levels (DDGS), i = 0, 10 and 20 %, L j = The effect of levels (Seaweed), j = 0, 0.5 and 1 %, TLij = The interaction between treatment DDGS and Seaweed levels and eijk = Random error.
Differences among means were subjected to Duncan's Multiple Range Test (Duncan, 1955) . Table ( 2) showed that the experimental rations had no significant effect on LBW of growing rabbits from 7 to 13 weeks of age.
RESULTS AND DISCUSSION

Data in
As shown in Table 2 , LBW was higher (P < 0.05) from 10 up to13 weeks for rabbits fed the control ration than for those fed the ration supplemented with 0.5 % SW. The average LBW from 7 to 13 weeks of age was 1.491, 1.367 and 1.399 kg for rabbits fed rations with supplement 0.0, 0.5 and 1.0 % SW, respectively. However, there were no significant differences in LBW for rabbits fed on 0.0, 10 and 20 % DDGS, but LBW of rabbits tended to increase with feeding on 20 % DDGS (1.466 kg) than feeding on 0.0 or 10 % DDGS (1.395 and 1.396 kg, respectively). Rabbits fed on R1 and R3 showed the highest LBW from 7 to 13 weeks of age (1.496 and 1.557 kg, respectively) compared with those fed the other rations. Also, rabbits fed on R6, R8 and R9 had higher LBW (1.414, 1.416 and 1.427 kg, respectively) than those fed on R4, R5 and R7 (1.336, 1.354 and 1.354 kg, respectively).
Although the DDGS contains a significant amount of crude fiber (8 -10 %), it also contains 10 -12 % fat (Whitney et al., 1999) . Fats as energy carriers and sources of essential unsaturated fatty acids have attracted the attention of nutritionists in recent years. The activity of these acids in the animal body is reflected mainly in the activity of eicosanoids (Known as tissue hormones). Owing to the mechanism of their action, they can be treated as the most peripheral first messengers, which strengthen or weaken the regulatory activity of hormones and neuromediators at cellular level (Corl et al., 2003) . Because fat has high efficiency of conversion of the ME into retained energy and supplies essential fatty acids, the fat was often used in commercial meat rabbit production.
The effect of feeding growing rabbits on DDGS with or without SW had no significant effect on average daily gains from 7 -13 weeks of age as shown in Table 3 . The average daily gain for rabbits fed 0 % SW was higher (P<0.05) (35.49 g/h/d) than that for rabbits fed 0.5 % SW (32.56 g/h/d), but there were no significant effect due to feeding difference DDGS levels on average daily gain of rabbits from 7 -13 weeks of age (33.23, 33.24 and 34.90 g/h/d with feeding on 0.0, 10, 20 % DDGS, respectively). However, average daily gains from 7 to 13 weeks of age were higher for rabbits fed on R1 and R3 (35.63 and 37.06 g/h/d, respectively) compared to those for rabbits fed the other rations. Also, feeding on R6, R8 and R9 showed higher average daily gains (33.66, 33.71 and 33.97 g/h/d, respectively) than those of rabbits fed on R4, R5 and R7 being 31.80, 32.22 and 32.25 g/h/d, respectively. Schiere (2004) reported that growth rates for rabbits of around 15 -20 grams per day are common in the tropics even though it is possible to obtain 30 -40 grams per day on very good food. The growth rates of young rabbits are strongly correlated with adult size and weight where there has been no marked dietary deficiency.
There was no significant effect for experimental rations on the weekly change of live body weight of growing rabbits from 7 -13 weeks of age (Table 4) , except with feeding on R8 and R9 at 11 -12 weeks of age as the changes were significantly (P<0.05) higher than those of feeding on the other rations. The average changes in LBW of growing rabbits from 7 -13 weeks of age were highest with feeding on R1 and R3 (19.46 and 20.14 %, respectively) compared with that of feeding on other rations. The averages of LBW changes were nearly similar for rabbits fed on R2, R5, R6, R7, R8 and R9 (about 18.4 %) and the lowest value was observed with feeding rabbits on R4 (17.96 %) as shown in Table 4 and Figure 1 . Feed composition such as a dietary fiber, interacts with the digestive health of the young animal (Montagne et al., 2003) and particularly of the growing rabbit after weaning (Gidenne, 2003) . The nutritional needs of the growing rabbit after weaning were more demonstrated that the fiber intake greatly favors the resistance to the digestive troubles (Bennegadi et al., 2001) , while the starch intake has a weak effect (Gidenne et al., 2005) .
Because fat has high efficiency of conversion of the ME into retained energy and supplies essential fatty acids, the fat was often used in commercial meat rabbit production. NRC (1977) recommended that the dietary fat requirement of growing rabbits was 2 -5 %, the addition of fat to diets of growing rabbits increased digestible energy content and feed conversion ratio (Santoma et al., 1987) when diets contain high fiber content.
Supplements of seaweed may improve the nutritive quality of diet and growth of small animal and birds in terms of body weight gain, fats and protein contents (Zahid Phool et al., 1995) . Data in Table ( 5) showed that there was no significant effect due to supplemented SW or feeding DDGS on all carcass characteristics of growing rabbits at 13 weeks of age except for skin weight which was higher (P < 0.05) (386.11 g) with supplemented 0.5 % SW ration than with 0.0 % (354.44 g) or supplemented 1.0 % SW (355.0 g) ones and lungs weight, which was higher (P < 0.05) for rabbits fed on R3 or R8 (23.33 g for each) than that of rabbits fed on the other rations.
The dressing percentages were 63.42, 62.13 and 64.01 % and the slaughter weights were 1902. 22, 1990.56 and 1948 .33 g with supplemented 0.0 % , 0.5 % and 1.0 % SW respectively , while the slaughter weights were 1905.56, 19995.0 and 1940.56 g with feeding on 0.0 %, 10 % and 20 % DDGS rations, respectively. The hot carcass as were the highest (1118.33 g) with supplemented 1.0 % SW rations and (1127.22 g) with feeding on 10 % DDGS rations as shown in Table 5 .
The dressing percentage (with edible parts) was the highest (65.54 %) for rabbits fed on R8 as shown in Figure 2 . The slaughter weight was the highest for rabbits fed on R5 and R 8 (2065.0 and 2023.33 g, respectively) compared with that fed on the other rations. The hot carcass was also, the highest (1131.67 and 1190.0 g, respectively) for rabbits fed the same rations, but the dressing percentages (without edible parts) were the highest for rabbits fed on R7 and R8 (55.55 and 56.2 %) compared with those of rabbits fed on the other rations as shown in Figure 3 . The most frequently reported benefits associated with inclusion SW of Ascophllum nodosum in animal diet include increased weight gain and improved carcass quality (Scott, 1990) . Slaughter yield improves with age, for a given carcass weight, animals at high growth rate, receiving more balanced feed, generally have a better carcass yield (Lebas and Colin, 1992) . Too much roughage in the diet tends to develop the digestive tract and thereby lower carcass yield.
Experimental rations had no significant effect on averages of DMI of growing rabbits from 7 to 13 weeks of age, as presented in Table 6 . Averages of DMI were the highest with feeding on R3, R6 and R8 (92.16, 92.09 and 92.42 g/h/d, respectively) compared with those of rabbits fed the other rations. Also, averages of DMI of rabbits fed on R1 and R5 (90.26 and 90.65 g/h/d, respectively) were higher than those of rabbits fed on R2, R4, R7 and R9 (88.02, 85.60, 89.63 and 89.64 g/h/d, respectively) . Table 6 . Effect of SW supplementation and feeding DDGS and their interaction on average dry matter intake (g/h/d) of growing rabbits from 7 to 13 weeks of age.
Items
Average dry matter intake (g/h/d) at: 7-8 Wk The inclusion of seaweed in animal diets increased feed consumption and improved digestive system (Scott, 1990) . During the weaning to slaughter growth period the rabbit should always be fed ad libitum. If the breeder was balanced diets, the average daily consumption will be 100 to 130 g for medium size rabbits. In good conditions the rabbits will gain 30 to 40 g / day, which means on intake of 3.0 to 3.5 kg feed will produce a 1 kg gain in live weight (Labes and Colin, 1992) .
The beneficial role of fiber in preventing digestive disease is mostly based on the control of intestinal microbiota through its effects on the digestive transit, and its availability as substrate for bacterial growth. Using common sources of fiber in weaning rabbits diet, Gutierrez et al. (2002) , and Feugier et al. (2006) , showed that 30 -32 % neutral detergent fiber (NDF) reduced mortality and enhanced performance and feed efficiency, in associated with an improvement of mucosal structure (Alvarez et al., 2007) .
Increasing the energy content of the diet also results in increasing metabolic rate, more oxygen consumption and decreasing the feed conversion rates (Khazali and Moravej, 2003) .
No significant effect was detected due to feeding experimental rations on feed conversion values of growing rabbits from 7 -13 weeks of age as shown in Table 7 . The average feed conversion values from 7 to 13 weeks of age were poorest (highest) for rabbits fed on R5, R6, R7 and R8 being 2.82, 2.74, 2.79 and 2.74 g DMI / g daily gain, respectively, while the best (lowest) values were recorded with rabbits fed on R1 and R3 (2.54 and 2.49 g DMI / g daily gain, respectively).
Data are presented in Table 8 showed that the economic efficiency (%)for rabbits fed 0 % SW was the highest value (295.73 than that for rabbits fed 0.5 % SW (254.07) and fed 1.0 % SW (259.5).Moreover, the economic efficiency (%)for rabbits fed 20 % DDGS was the highest value (287.77)than that for rabbits fed 0.0 % DDGS (264.40) and fed 10 % DDG (263.63).
The economic efficiency (%) results showed that feeding growing rabbits on R3 recorded the highest value (313.3 %), as shown in Table ( By-product feed can serve as a source of nutrients in animal diets. Often, by-product feeds such as distillers grains could be included in the diet if they are readily available and economically justified, especially when there is a shortage or increase in prices of conventional feed sources. Also, due to the processing methods employed, nutrients in the by-product become more biologically available and can potentially reduce nutrient excretion if the byproduct nutrient can be balanced in the diet (Spiehs et al., 2002) . Table 7 . Effect of SW supplementation and feeding DDGS and their interaction on feed conversion ratio (dry matter intake (g) / daily gain (g)) of growing rabbits from 7 to 13 weeks of age.
Feed conversion ratio (dry matter intake (g) / daily gain (g)) 7 Conclusively, the present study suggested the possibility of using DDGS with or without SW in rations for growing rabbits in place of barley and soybean meal till 20 % without adverse effect.
